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UmUR  FtOGIAMIUlO 

1*  Introd^tioc«  This  it  tndj  ths  SfS  sf  "tfstsas  •nsljtit'**  And 
7#t  ths  ■sthsBStiesl  tools  svslloblo  for  aokinf  t«eh  onslysos  sro  rsthsr 
lioitod*  In  foot,  solvinf  s  sjstSM  of  sororol  hundrod  linoor  oquotioos  is 
oboot  St  tho  limit  of  prosont  dsj  eooputinf  mschinoo*  Vonlinoor  s/stoos 
prooont  ovon  moro  imposing  problsmt  in  thoir  snslysiSf  looring  as  ids 
qoottiOTti  of  opt  imi  sot  lull  •  during  tho  post  doeods,  howovor,  o  now  moths- 
mstieol  toolt  linoor  programsing.  hot  boon  dorslopod  which  hot  provod  its 
moofmlMos  in  o  wids  rmriotj  of  fiolds  ond  holds  svsn  grootsr  promiss  for 
tbs  fitoro*  Hors  ws  sholl  j^^osont  o  numbor  of  signifieont  linoor  progroom¬ 
ing  problsmsp  foranloto  ths  control  mothsmotieol  problsmp  oonsidor  msthods 
of  oolotien,  ond  indicots  linos  olong  which  forthsr  rooooreh  is  roquirsd. 
Oar  ebjoetiro  is  to  prorids  o  gonorol  visw  of  ths  ssbjoot;  though  tbs 
trootmsnt  is  of  oocoosltj  conciso*  roforoncoo  to  tho  OToiloblo  litoroturs 

oro  proTidod  for  tbs  intorostsd  roodor  [2]*  [4]*  [?]•  [f]*  [^]  • 

« 

soction  wo  sholl  brisfl/  indioots  tho  wids 
ronfo  of  opplicobilitj  of  linoor  progrosmlng  bjr  forauloting  throo  illustro- 
iiro  prsblsmo.  Ths  first  two  oro  wory  importont  in  ths  limsor  progrssming 
li^^oroturs,  ond  ths  third,  tbs  optimol  routing  problsm  (ond  sthor  rolotsd 
optimol  tsls 8 f  unioot ion  spstsmo  dosign  problems)  |6  j  ,  is  of  port! color 
Impsrtones  to  coMoinisotiens  snginoors  ond  monogors. 

Tbi  TrOMPortotlon  froblsm  [ij,  [5].  [6],  [9]*  An  itso  U  produesd 
ot  soch  sf  m  oouress  ond  oonssmod  ot  oocb  of  n  sinks*  Souros  i  produoos 
o^  units,  ond  sink  J  roquiros  bj  units*  Tho  soursss  producs  Just  to 

fulfill  ths  totol  dsmonds  ot  tbo  sinks*  If  tho  unit  cost  of  shipmont  from 
•ourss  i  to  olmk  J  is  e^j,  find  o  shifplng  sshsduls  uhioh  mimimisos  tbs  cost 


of  shipping* 
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If  w«  Itl  4  b«  thf  UMunt  thl^p^d  fnm  1  to  J»  tho  MthaMticAl 

■ 

1-1 


*IJ  ■  *1  ' 

*1J  *  ‘’j  • 

« 

Tho  oxproooion  to  bo  minlMiiod  io  tho  total  coot  of  ohipaont;  conditiae 
(2.14)  oxproaooo  tho  fact  that  tho  aaount  ahippod  froa  aoorco  i  to  alnk  J 
la  nonnofatlTo;  Eq.  (2.1b)  indicatoa  that  tho  auai  of  tho  itoaa  ahippod 
frca  oourco  1  to  all  tho  ainka  la  a^;  Iq.  (2.1c)  ahowo  that  tho  ota  of  tho 
Itaao  ahippod  to  oirk  J  frcai  tho  oov  coo  la  b^. 

Tbo  Watrltlon  Probloa.  To  produco  aiiltablo  anlaala  for  aarkot  It  la 
dotorainod  that  m  nutrlonta  aro  roqulrod,  tho  dally  roqtiiroaont  of  rrotrlont 
1  bolnf  b^.  7arloua  fooda  aro  arailablo,  n  in  nxaibor.  tho  aaount  of 
nutrlont  1  In  food  j  boinc  J  bolnf  c^. 

Dotoralno  a  alniaal  coot  dlot. 

If  wo  lot  Xj  bo  tho  quantity  of  food  J  to  bo  uaod  daily,  tho  problom 
la  to  alnlalto  tho  coat 


probloa  la  to  alnlidso 


J-1 


aubjoct  to  tho  conatrainto 


(2.1*) 


(2.1b) 


E 

J-1 


(2.10) 


a 

E 

1-1 


» 


•ubj«ct  to  th«  conditions 


(2.a) 


(2.2b) 


•lj*J  *  **1  * 


Iq.  (2«2«)  SKprottot  tho  nomoffttlTltj  of  tho  Tnrl«fcl«%  and  Iq*  (2.2b) 
is  a  atatsMRt  of  tha  raqiairsBant  that  tha  sm  of  tha  natrianta  of  tjpa  1 
eontrlbatad  hj  tha  Tarlaua  faada  In  tha  dlat  wiat  aqua!  b^* 

Ttif  Icatlna  froblaa  [s]*  A  talacoMunioatlon  natwork  conalata 

of  n  stations  aach  of  which  mj  sand,  racalvt  and  ralay  naasataa.  Tha 
■tatlana  ara  jolnad  bj  ecMunlcatlon  ohannals,  tha  capacity  of  tha  channal 
fras  1  to  j  balnf  c^^  (aaaaagaa  par  unit  tlaa)»  Tha  nuabar  of  Baaaagaa 
ariglnatad  at  1  and  dastlnad  for  j  par  unit  tlaa  la  a^^*  find  a  routing 
doctrina  which  Baxiaitaa  tha  nuabar  of  aaaaagaa  daliwarad  par  unit  tiaa. 

If  wa  lat  (l/jf  i/k)  ba  tha  nmibar  of  itaaaagaa  par  unit  tlaa  aant 
arar  tha  diract  link  frca  1  to  J,  ultiaataly  daatlnad  for  k,  aathaaatieally 
tha  problfli  ia  to  aaaiaiaa 


•iid>jact  to  tha  eondl  Ilona 


I 
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(2.3*)  ^  0  . 


k-1 


(2.3c)  x^^^  -  ^  4  . 

W1  k-1 

Th«  niaib«r  of  MtiAfO  font  p«r  unit  tiao  froa  1  to  j,  dotllnod  for  j  !• 

quontity  evor  all  1  and  j  (i/j)  it  tbo  total  ' 
miabor  of  aotaacat  dalirarod  par  unit  tiaa.  Tha  aariablat  ara  oonnafatiira. 
Condition  (2«3b)  azpratsai  tha  condition  that  tha  total  ma^r  of  aaaaafoo 
•ant  par  unit  tiaa  avar  tha  ehannal  froa  i  ta  j  it  ta  ba  no  fraatar  than 
Condition  (2.3c)  it  a  typa  of  eonaarration  lav.  It  it  an  azpraation 
of  tha  raqulr«art  that  tha  total  n^tubtr  of  aaaaacaa  par  unit  tiaa  aant 
out  froa  1,  ultiJMtalj  daatinad  for  J,  latt  tha  total  mtibar  of  aaotagaa 
tant  in  par  unit  tiaa  to  i,  ultiaataljr  daitlnad  for  j>  it  no  graatar  than 
tha  total  nunbar  of  laattagos  originalad  par  unit  tiaa  at  i,  ultiaataljr 
dattlnad  for  1  (Tha  dlffaranca  batvaan  tha  right  hand  and  left  hand 
axprattiont  it  tha  nuabar  of  aattagat  par  unit  tiaa  baekloggad  at  1, 
ultiaatalj  dattinad  for  J.)* 

3.  Tha  Ganaral  Problaa  ^3]»  [?] »  [l4j  .  It  vill  ba  obtarrad  that  in 
aach  of  thata  problaa  ona  la  to  dataraina  an  optiaal  progrta;  that  it. 
ona  it  to  find  a  tat  of  nonnagatira  raluao  for  tha  Tariablat  (toMtliiat 
rafarrad  ta  at  **tctirit7  laralt**)  vhich  optijiixa  toaa  ebJactWa.  tubjact 
to  knavn  ratourca  limitationt  and  activity  intardapandaneiat.  Tha 


i 
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rMOureM  etrmMd  «nd  produetd  bj  an  aetlvitj  ira  aatiaad  to  ba  proportianal 
to  tha  laaal  of  aetivitj,  at  la  tha  pajroff  for  tha  activity.  Thua  in  tha 
optiaal  routine  problMi  tha  actlvitiat  conalat  in  aandinf  aaaaaeat 
ultiaataly  daatinad  for  k  trm  i  to  j.  If  a  >attaca  ultiaataly  daatinad  for 
k  la  aant  fraa  i  to  j.  a  unit  of  capacity  froa  i  to  J  it  eonaaaad,  a  unit  of 
daaand  froa  i  to  k  ia  oonaaaad.  axxi  a  unit  of  daaand  fraa  j  to  k  it  prodacad; 
thara  ia  na  payoff  ainoa  no  aaaaafa  ia  dalivarad  in  carr^inc  out  this 
particular  activity.  If  a  aaaaafa  daatinad  for  J  la  aant  froa  i  to  j, 
ainflt  units  of  capacity  and  daaand  froa  i  to  j  ara  conauaad,  and  ona  unit 
of  payoff  (a  ainfla  dalivarad  aaaaafa}  ia  produead.  Tha  raaourcaa  in  thia 
problaa  ara  tha  capacitiaa  and  damanda.  Tha  conaitiona  (2.3b)  and  (2.3e) 
ara  in  affaet  stataaanta  that  tha  anount  of  a  raaourca  conaiaMd  la  not  to  ba 
graatar  than  tha  aua  of  tha  quantitiaa  axoganoualy  providad  and  andoganoualj 
praduaad*  Thay  axpraaa  tha  activity  intardapandanciaa  and  raaourca  liaita- 
tiona  ralavant  to  thia  probl«. 

In  faaaral  va  conaidar  that  thara  ara  n  activitiaa  and  a  raaourcaa. 

Bach  urAt  of  activity  J  conatsMa  a^^  unita  of  raaourca  i  (By  convantion  a^^ 
is  poaitiva  if  raaourca  i  ia  eooavaad,  nagativa  if  it  ia  produead,  by 
activity  j.).  Raaourca  i  ia  givan  praa^tit  axoganoualy  in  tha  anount  b^. 

Than 


(3.1) 


‘  **1 


(1-1.2 . ■) 


ia  tha  ganaral  ocnaarvation  laa*  If  tha  list  of  activitiaa  ia  coaplata, 
than  aqual  ity  will  hald.  If  tha  payoff  par  unit  of  activity  J  ia  Cj,  tha 
prahlaa  ia  ta  find  lionnagativa  Xj  which  aaxiniaa  tha  total  payoff 
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J-1 

fubj«ct  condition  (3«1)*  This  !•  on«  fom  of  th«  eontral  BathoMtloaLl 
problvi  of  linoAr  profruMinf  •  In  ••••nco  wo  horo  givon  4  f«n«r4l  toohniquo 
for  roduoing  4  l4rg«  cl444  of  problou  of  •conoaics*  •nginooring  4nd  pbTwit* 
to  ■4th4a4tle4l  for*. 

4*  A  G4c— trical  Fron  th*  houriftlo  point  of  rlmi  it  it 

dttir4blt  to  foraulott  4  goo— trie  pioturt  of  tht  aituotitn.  To  this  tnd 
wt  contidtr  th«  following  probltm: 

Maiciaitt 

»  •  2x  ♦  37  » 

tubjtct  to  tht  conatralnta 


(4.1) 

X  2  0,  7  ^  0  , 

(4.2) 

X  ♦  7  -  3  . 

(4.3) 

X  *  2f  ^  U  • 

f 
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Pil.  1.  TIB  OlCWirM  OF  THE  FROBIA 

V«  4tt«rain«  th«  of  odBltoiblo  (x»7)»  th«  **f«Mlblo  tolulieno**,  hj 
notlnf  that  tht  nemofotlrlt/  of  x  and  y  iaplioo  that  (x»7)  ■not  llo  in  tho 
firot  quodront.  Tho  ^into  whioh  oatlofy  eondition  (4*2)  Inclndo  tho  lino 
X  ♦  7  *  3  tnd  til  points  in  tho  holf-plono  contoininf  tho  origin  and  boundod 
by  thio  lino*  A  oimilar  ronork  holds  for  condition  4*  Tht  sot  of  points 
sstisfyinf  sU  tho  conditiooo  of  tho  problsB  is  tho  stristod  rogion  of  Fig*  1* 
In  Fig*  2  wo  hSTO  sddod  soaw  oquixslus  linos  of  tho  objootiro  foni 
2x  ♦  37* 


« 
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From  thlf  fifur*  it  is  r««dilj  •••n  that  th«  aolutlon  liaa  at  th«  point 
(2,1)  for  which  t  ■  7.  Tho  iaportant  thinf  to  notlct  lo  that  tho  aolutlon 
lioa  at  a  Tortax  of  tho  oat  of  foaaibla  aolutlona. 

If  tha  aqulwalua  linaa  of  tha  objactira  font  had  a  alopa  of  laaa  than 
-1.  a.g.,  tha  alopa  -4  poaaaaaad  bj  tha  lina  7  -  -4x  *  12  ahown  in  Fig.  2, 
tha  mlxIbubi  would  hava  occurad  at  tha  vartax  (3»0}«  If  on  tha  atbar  hand 
tha  alopa  of  tha  aquiralua  linaa  ahould  ba  -1,  than  all  pointa  on  tha  lina 
aagawnt  Joining  (2.1)  and  (3f0)  would  ba  aolutlona  —  ona  of  tha  rarticaa 
could  ba  talactad  —  and  wa  would  no  longar  hara  uniquacafa  of  aolutlon. 
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(It  it  *  euriouf  fact  that  nen-uniqQ<n«tt  la  th«  rula  rathar  than  tha 
«eaption  in  practloa.)*  Maxt  vt  obaanra  that  if  to  tha  aonditlona  (2), 
(3)*  and  (4)  va  add  tha  condition  57  ^  4x  ^  20,  than  thara  ara  no  faaalbla 
aolationa,  for  thara  ara  no  polnta  Ijlng  In  tha  atraltad  raglon  of  Flf*  1 
which  aatlafx  thla  additional  condition*  Xa  ganaral  va  wmj  #07  that  if  a 
aoVKian  OKlatf ,  it  aan  at  a  rartan* 

It  ia  paaalhla  to  yrofraa  an  analofoa  eeapatar  ao  that  a  point  in  tha 
adaiaaibla  rofian  will  ba  driwan  taward  an  optiaal  rartaz,  tha  paint  bainf 
kapt  in  tha  ragion  bp  aaing  larga  nagatlwa  faadbaeka  whanarar  It  raachaa  a 
b— .r,[u]. 

Laatlp  wa  laawa  It  ta  tha  raadar  ta  axanina  tha  fallowing  prablaa 
craphioallji 
Maxlidia 

X  ♦  7  » 

aubjact  to  tha  conatralnta 


X  ^  0.  y  ^  0  , 

7  -  X  -  2  . 

7  -  X  »  -2  . 

It  irill  raadUy  ba  aaan  that  tha  objactlra  fora  la  ui^undad;  that  la.  It 
ear  ba  aada  largar  than  any  praaaalfnad  ralua. 

Thaa  va  hara  aaan  that  llnaar  prograwl  ng  problaaw  nay  hara  no 
aolwtlon  (Tha  conatralnta  ara  Ineonalatant,  or  tha  objactira  fom  la 
aobowadad^f  ona  aolutlon^  or  Infinitely  nany  aolatlona;  no  othar  caaaa 
ariaa*  Far  prab|aM  Inralring  two  or  thraa  rariablaa  and  only  a  fmi 
coodltiaoa  ona  aay  carry  throngh  tha  Inaaatlgatlana  graphically.  For  a 
prahlaai  imralviAg  hwidrada  of  rarlablaa  and  th^/naanda  of  eondltlona,  awch 


P-f50 

10-1-56 

10 


An  ftpproAoh  it  BAnifAttly  InAdAquAtt.  How  baj  such  probltM  b*  trAAtAd? 

5»  OAntrAl  MAthod  of  Solution  [3]*  [?]•  Thoufh  oihAr  MthAdA  Hava 
bttn  propotAd  [10] ,  without  t  doubt  thA  boa!  aucoAttful  tAchnlquA  for 
trAAtinf  gAntrAl  llnAAr  profrAtaiing  probloM  It  tht  tlaplAx  AljorlthB 
of  CAorgA  &•  DAnitlf.  (A  tijqplAx  it  th#  gAnArAliiAtion  to  n  dlBAntiont  of 
tht  trlAnglt  of  two  dlMtntiont.)  A  matbAr  of  BodificAtiont  Axitt,  And 
▼Ariout  tpAclAliKAtiont  for  partlculAr  probloBt  hAYt  bAtn  BAdA.  but  thA 
Atatnet  of  tht  BAthod  it  tht  following: 

ThA  probliB  it  tAkon  At  girtn  in  tho  foro: 

MAXiBitA 


z  •  c 


1*1  *  '2*2  *  ...  . 


Ai^jAct  to  tht  conatrAinte 


(5.1) 


Xi  i  0.  *2  *  0.  ....  *  0  , 


(5.2) 


^ *11*1  *  *12*2  *  '  *ln*n  ‘  h 


*12*1  *  *22*2  •  •••  *  “an'n  '  ‘’2 


V 


*«1*1  •  *.2*2 


on  n  & 


Tbit  font  it  roAllj  quit#  gtntrAl.  If  a  glTon  problBt  caHa  for  BinimiAAtion 
of  tht  obJtctiTt  form.  At  dota  tht  trAnoportAtlAn  probltB.  wa  mkj  •iaply 
BAXlBltt  tho  nOgAtlTt  of  iht  giwAn  objACtlTA  fOlUi.  If  tht  XArlAblAt  Art 
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Mt  nenntgttlT*,  v  ijn  •ff«ct  mJc*  thm  that  wajr  by  Introdaeinf  two 
MCintfatiT*  Tarlablat  for  aach  ouch  TarlAbla  and  aalnf  tha  fact  that  any 
raal  minbar  aay  ba  wrlttan  at  tha  diffaranca  of  two  nonnafativa  mahari 

t  « 

*1  *  *  *1  * 

In  addition,  an  inaq\iality  conatraint  nay  ba  aada  inta  an  aquality  eonatralnt 
by  adding  a  nofmagatiira  alack  aariabla.  Thua 

*1*1  *  V?  *  —  *  Vn  ‘ 

■ay  ba  writtan 

•x*l  *  V2  *  —  *  Vn  •  7  •  • 

whara  y  ia  nonnafatira. 

ia  poaaibla  to  daaanatrata  that 

(a)  If  any  faaaibla  aolutian  to  tha  aquality  ayatan  (5*2)  aodata, 
than  ana  a:iata  inTolring  only  aa  aany  Tariallaa  aa  thara  ara  aquationa, 
tha  raaaining  varlablaa  baing  aat  aqual  to  laro. 

(b)  If  faaaibla  aolutiona  axiat  and  thaaa  paaaaaa  a  finita  adnlaua 
for  tha  objactiva  far*  a,  than  an  aivtiadaing  aolution  aodata  inrolring  only 
aa  aany  rariablaa  aa  thara  ara  aqaationa,  tha  ranaining  variablaa  baing  aat 
aqual  to  taro. 

Tha  aiaflax  aathod  takaa  advantaga  of  thaaa  thaoraoa  by  firat 
ahowing  haw  to  obtain  a  faaaibla  aolution  inrolrlng  no  aora  than  ■  noa- 
taro  rariabla*  ahawld  auoh  a  aolution  axiat.  A  aiapla  taat  ia  afil  oj  a1  to 
dataraina  whathar  or  nat  tha  aolution  ia  aptiual*  If  it  ia,  tha  algaritha 
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I 

CMCM,  for  a  solution  ha«  boon  found.  If  it  it  not,  it  it  thown  how  t  now 
Ttritbl*  Mgr  bo  tddod  to  tht  botic  tot  and  on#  of  tha  rariabloa  in  tha 
batie  aat  allainatad,  in  aueh  a  way  that  tha  raloa  of  tha  obJoctiTa  foro  it 
incroaaod.  tinoa  thara  ara  onlj  a  finita  nuabar  of  baaoa,  tha  alforitho 
will  taminata  aftar  a  finita  nxnbar  of  atapa. 

in  axaopla  will  illwatrata  tha  aaaantial  points  of  tha  alforitho. 
Conaidar  tha  problao  of  aaction  4  in  tha  foro  for  which  a  it  to  ba 
oaxinitad] 

I 

I 

(5.3)  X,  y.  u,  T  i  0 

I 

(5.i.) 

(5.5) 

(5.6) 

I 

I  According  to  tha  thaoraoa  atatod  abowa,  if  tha  objoctiva  fom  haa  a 

I  finita  aaxioua  —  which  wa  shall  aasusM  —  than  at  ooat  two  non-taro 

I  variablas  will  appoar  in  tha  solution.  Though  in  larga  problaaa  tha 

I  datarmination  of  fvn  initial  basic  faaaibla  solution  oaj  ba  difficult,  hara 
I  wa  aaa  that  wa  could  chooaa,  for  axaapla.  x  *  3*  v  *  It  and  f  and  u  taro, 

j  Wa  aliaioata  x  froo  Iq.  (5»5)  ^7  subtracting  Iq.  (5.4)  fra»  it,  so  that  x 

1  appaara  in  Juat  ona  condition  and  t  in  tha  othar.  Than  x  and  ▼  ara 
X  aliainatad  fro®  tha  objactira  form  by  wultiplying  Iq.  (5.4)  by  2  and 
9  subtracti-^^  froai  Iq.  (5*6).  Thaaa  oparationa  ylald 


X  ♦  y  ♦  u  -3 
X  ♦  2y  ♦  V  ■  4 

2x  ♦  3y  •  t 
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(5.7) 

X  ♦  7  ♦  u 

-  3 

(5.t) 

I  -  .9  ♦ 

(5.9) 

7  -  2u 

•  B 

Tb«*  t  h4t  th«  taIu#  4.  But  this  is  not  optlMi,  for  ws  con  incrsoss  s  bj 
InersMlng  7.  Vhst  prsrsDts  7  Trcm  bolng  incrosssd  lndsflnitsl77  Ws 
not#  thst  AS  7  is  incrsAssd,  v  And  x  hATS  to  bs  dsersAsod  to  prossnrs 
•quAlit7  in  conditions  (5*7)  And  (5*i)»  Hsrs  u  is  ksf>t  At  ssro  taIus,  for 
incrsAsingHt  would  dscroAss  t.  This  CAn  bo  contimiod  until  7*1*  for 
ftJ^sr  incroAso  would  drirs  t  nogAtiTO.  Thus  7  is  ineroAsod  to  I*  x 
dseroASSd  to  2*  v  docrossod  to  0*  u  ronAins  At  0*  And  t  is  incroAssd  to  7* 
Row  ws  hSTo  A  bnsic  foAslbls  solution  in  which  x  And  7  Aro  non-soro*  u  And 
r  ATS  soro. 

Dfon  slinlnAting  7  frosi  Iqs*  (5*7)  And  (5*9)  ws  obtAin 

(5.10)  X  ♦  2u  -  T  -  2 

(5*11)  T  -  u  ♦  Y  *  1 

(5.12)  -s  -y-s-7 

But  now  wo  soo  thot  this  solution  is  optiiMl*  for  tho  loft  sido  of  Iq.  (9) 
hns  its  baxImbi  taIuo  whoe  u  *  ▼  *  0. 

Though  A  nMibor  of  subtlAios  hATo  gono  unsontisnod,  tho  noin  trond  of 
ihsuglit  is  iUustrstod  b7  tho  sboso  socAnfilo.  Tho  sinploz  nothod  londs 
Itsolf  woll  to  ccnpiitAtion  b7  high-opood  sloctronic  digltAl  conpotors. 
Problsns  insolYlr^  255  conditions  And  tutj  nuobor  of  TArlAblos  ba/  bs 
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•olT«i  uainf  A  codt  drritAd  by  W.  0rch4ni-R«jt  for  th«  IM  704  cosputAr 
[ll]  .  Probl«M  inrolrinf  50  conditlont  tak#  juat  a  fmt  minutaa  to  aolva. 

6.  Concilia  ion,  fron  the  €xa.«Tpl«9  of  pracadln^:  sactlona  it  la  evldant 
that  llnaar  pro^aatin^  has  baan  appliad  to  problsaa  in  a  nrabar  of  fields. 
To  those  already  atantlonad  %ro  nay  add  desi^  of  optical  syatsM  aM  baaa 
stmeturas.  scheduling  of  aircraft,  and  oil  rafininf.  Tha  list  is  frotring 
quite  rapidly.  In  addition,  rarious  connections  batvean  linear  prograsBing 
and  the*^^acry  of  gaees  are  known. 

Much,  howeTar,  resBins  to  ba  done.  As  acre  and  nere  cosiplicatad 
■odals  ara  eonsidared,  prablsBS  involving  ever  inereaning  nuabars  of 
conditions  and  variablas  ara  generated.  An  optinal  roiiting  problen 
involving  30  stations,  for  exaaple,  gives  rise  to  a  linear  prograaaing 
problsa  with  1,740  conditions  and  25*230  variablaa.  Though  general  probl«H 
of  this  sort  aay  be  beyond  present  day  cosiputation  capabilities*  research 
asking  use  of  the  special  struoture  of  various  problsas  offers  gi*aat 
possibilities.  Transportation  proMssui  involving  3*200  equations  and 
600,000  variables  are  currently  being  progrsaMd.  lisproved  coaiputiAg 
aachinaa  and  coaputation  tashniquas,  together  with  batter  und«*atanding  of 

construction  of  aodals  should  aaka  linear  progrtsBing  a  tool  of  arar 
increasing  iaportance  in  the  future. 
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